Background: Hip endoprosthesis is one option for the treatment of displaced femoral neck fractures and avascular necrosis of the femoral head. Few reports are available describing acetabular cartilage metabolism after endoprosthesis surgery of the hip. The purpose of this study was to compare the biological effects on cartilage between cobalt-chrome (Co-Cr) and alumina ceramic heads wherein the cartilage articulates directly.
Introduction
Hip endoprosthesis is one option often employed for the treatment of displaced fractures of the femoral neck and avascular necrosis of the femoral head in Asian coun- that Co-Cr exposure affects osteoblast function and impairs the mineralization of the prosthesis surface. Furthermore, acetabular erosion was reported to occur due to the metal outer head postoperatively 6 9 .
It has been reported that alumina and zirconia ceramic is bioinert. Ishida et al developed an original alumina ceramic bipolar hip prosthesis and reported that the surface of the ceramic head was less rough than that of a metal head, and that the change of the shape of the ceramic head over time was smaller inside the human body 1 . In past reports, there have been some studies describing the long-term results of Co-Cr versus ceramic heads in total hip arthroplasty 10 12 . However, there have been few reports related to acetabular cartilage metabolism after hip endoprosthesis replacement.
The purpose of our present study was to compare the biological effects on cartilage between Co-Cr and alumina ceramic heads in direct articulation with cartilage.
Specifically, we compared the effects on acetabular cartilage metabolism between the alumina ceramic head en- The hypothesis of this study was that ceramic heads have a smaller adverse effect on cartilage metabolism than Co-Cr. Moreover, if confirmed, this would have significant implications for implant usage, not only in hip joints, but also in other joints including the shoulder, talus and radial head.
Materials and Methods

Animals
For the present study, we used three healthy immature 
Loading Protocols
Mechanical loading was performed two hours after death. A compression and rotational stress was applied to the acetabula using an Instron MTS testing machine (MTS systems, MN, USA). Each acetabulum was fixed to the mount of the MTS machine using bone cement. We 
Analysis of Protein Levels
The culture medium was retrieved from the water bath and stored frozen until analysis. Analysis of protein levels of inflammatory-related cytokines (MMP-1, MMP-3, TNF-α, IL-1 α, and IL-1 β) was outsourced to a clinical laboratory testing company (SRL, Tokyo, Japan). We measured HA concentrations in culture media using a hyaluronan assay kit from Seikagaku Corporation (Tokyo, Japan). The samples of acetabulum after the mechanical loading were retrieved and stored at −70 degrees Celsius until RNA analysis.
RNA Isolation and Relative Quantitative RT-PCR
Cartilage RNA extraction was performed according to a previously reported method 13 . Total RNA was quantified fluorometrically using the SYBR Green Reagent The acetabular cartilage was shaved off with a graver.
Thereafter, the cartilage was powdered according to pre- viously reported methods 14 16 . Total RNA of the cartilage was extracted with TRIzol and was refined by a buffer solution and centrifuge. After the extraction, 2 μg of total RNA was reverse transcribed into cDNA using the High Table 1 .
Statistical Analysis
Statistical analysis was performed using STATWING (www.statwing.com). Statistical comparisons were carried out using Welch's t-tests with a significant threshold equal to p<0.05. Data are represented as means +/− standard deviation (SD).
Results
The Co-Cr than that for ceramic (p<0.05). The MMP-3 protein level also was higher from Co-Cr than from ceramic, however, the difference was not statistically significant.
There were no significant differences in MMP-1, IL-1 α, and TNF-α protein levels from culture media between the Co-Cr and Ceramic groups ( Table 2) .
HA of the Co-Cr group was 337+/−38.4 mg/mL. That of the Ceramic group was 257+/−11.1 mg/mL. HA from the Co-Cr group was significantly higher than that from the Ceramic group (p<0.05).
One μg of total RNA was converted to cDNA by RT from each sample. Integrated density values of GAPDH in the linear PCR range (40 cycles) of the two groups were the same as integrated density units. There were no significant differences in GAPDH band density between the two groups. Figure 3 shows the mRNA expression value of the Ceramic group normalized to the value of the Co-Cr group.
Expression of type II collagen mRNA was three times higher in the Ceramic group than in the Co-Cr group. IL-1 β mRNA expression in the Ceramic group was one third of that in the Co-Cr group. There were no significant differences in type I collagen, type III collagen, ag- grecan, IL-1 α, MMP-1, MMP-3, MMP-13, nor TNF-α mRNA levels between the two groups.
Discussion
In the present study, we applied compressive / rotational loads to cartilage using two different materials, Co-Cr and alumina-based ceramic, under the same conditions.
It was shown that the Co-Cr induced a higher protein level and mRNA expression in IL-1 β, as well as a higher level of HA in the culture medium. Furthermore, mRNA expression of type II collagen was significantly lower in the Co-Cr group.
To our knowledge, this is the first report to compare the biological effects on cartilage between Co-Cr and alumina ceramic heads in direct articulation with cartilage.
Furthermore, we consider that the present study is valuable because we showed not only mRNA expression but also protein levels of inflammatory cytokines. We did not measure the protein levels of collagen and aggrecan be-
cause it is assumed that extra cellular matrix turnover is very slow to detect the differences during the present experimental period.
IL-1 β plays an important role to activate osteoclasts, lymphocytes, and monocytes. It has been reported that bipolar prosthesis may cause osteolysis, i.e., stem loosening by polyethylene debris, among other factors 17 19 . Furthermore, acetabular erosion has occurred by metal outer heads postoperatively 3,6 8,20 . The release of metal ions and debris can result in biological reactions such as osteolysis and acetabular erosion 21 . In addition to these previous reports, the present study showed that cartilage cells ex- Limitations of the present study are the small sample size and no evaluation of synovial tissue metabolism.
The synovial membrane is more susceptible to inflammatory cytokines compared to cartilage tissue. It is assumed that the detrimental effect of Co-Cr to the hip joint will be more accelerated. The toxicity of Co and Cr ions is already known. However, we cannot comment on the influence because the concentration of metal ions was not measured.
In conclusion, the ceramic bipolar head had only a small detrimental effect on cartilage cell metabolism, while larger damage was seen for Co-Cr heads. Thus, the application of a ceramic bipolar might reduce Co-Cr bipolar-related complications. 
